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Abstract 

NASA Glenn Research Center is currently evaluating the possibility of using high- 
temperature polymer matrix composites to reinforce the combustion chamber of a rocket 
engine. One potential design utilizes a honeycomb structure composed of a PMR-II- 
5OM40J 4HS composite facesheet and titanium honeycomb core to reinforce a stainless 
steel shell (Figure 1). In order to properly fabricate this structure, adhesive bond 

PMR-11-50 composite. 
ses had to be developed for the titanium core, the stainless steel shell, and the 

Proper prebond surface preparation is critical in order to obtain an acceptable adhesive 
bond. Improperly treated surhces will exhibit decreased bond strength and durability, 
especially in metallic bonds where inter ible to degradation due to heat 
and moisture. Most treatments for tit 1 alloys require the use of 
strong chemicals to etch and clean cesses are difficult to perform 
due to limited processing hcilities as well as safety and environmental risks and they do 
not consistently yield optimum bond durability. Boeing Phantom Works previously 
developed sol-gel surfkce preparations for titanium alloys using a PETI-5 based 
polyimide adhesive. In support of part of NASA Glenn Research Center, UDRI and 
Boeing Phantom Works evaluated variations of this high temperature sol-gel surface 
preparation, primer type, and primer cure conditions on the adhe 
titanium and stainless steel using Cytec FM 680-1 polyimide 
that a modified cure cycle of the FM 680-1 adhesive, i.e., 4 hrs at 370°F in vacuum + post 
cure, significantly increased the adhesion strength compared to the manuhcturer’s 
suggested cure cycle. In addition, the surface preparation of the PMR-11-50 composite 
was evaluated in terms of surface cleanness and roughness. This presentation will 



A 

discuss the results of strength and durability testing conducted on titaniuq stainless steel, 
and PMR-11-50 composite adherends to evaluate possible b 

Figure 1: Honeycomb Panel for Rocket Engine Combustion Chamber Wall 
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Cytec FM 680-1 Film Adhesivc 
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ADHESIVE PROCESSING 

Main Contributor to bond strength 
but can also affe 

Function of: 
Cure Tempcratur 
Cure Pressur0 
Postcure 
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FM 680-1 polyimide 
adhesive, 

carrier 
Cytec's recommended 
cure cycle: 

- 0.70 psf, fibergjass woven 

- 2 hours at 600°F & f00 psi 
- Posfcure for 246 hours at 

Cytec published mechanical 
data using adherends 
composed of both Ti-6Al-4V 
and Avamid N laminates 

600"F-7Oo0F 

- Grif-blast surface preparation 
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Limitations in using 
recommended cure 
- Difficult to fabricate a 

vacuum bag on a 
complex part with 
Kapton fiJm 

due to CTE mismatch 
between composite, Ti 
core, and stainless steel 
at specified cure temp 

- Large thermal s S 
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Proposed alt 
cyde for FM 

Allows the use of low 

Effect of Alternate Cure on FM 680-1 

TestTetnperature 
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370°F uu G ult 
equivalent to c’s published data on grit- 

Ti-6AID4V 
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NO REDUCTION IN 
THERMAL STRESSES 
DUE TO AlT CURE! 
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370°F Cure 

. 
Cure 
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Boeing Phantom Works developed "Boegel" solgel 
coatings for ad h ive bonding to metals 
- Wafer-based coating 
- Robust process pro Civil Transport 

Program with NASA LaRC using PEfl-5 
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nic portion of red to match 
system 
- Aminopropyl and aminophenyl silanes evaluated 

- Ties together functionalized silicon components 
- Improves hydrolytic stability 
- Better match to titanium and 
- Free energy of Zr alloying into Ti part is higher than Si, 

Zirconium an integral part of the coating 

inless steel interface 

AI, or Ti oxides 
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Degrease NitriclHF Etch Turco 5578 G rit-b last 
Pmtteatinent Alkaline Etch 

Drench Coat Bake at 260°F 
with Sol-Gel Solution 

Prime 

Courfesy of Boeing Phantom Works 



c 1 rrocessing variames 
.- 

80l-GeI Chemistry 

Boegel AM (Amlnopropyt) 

Arninopropyl + Amlnophsnyl 
silane (APS + APhS) I 
No sol-gel I 

Bond Primer 
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* Cytec BF? 680 

I * No bond primer 
I 

Primer Cure Temps 

tainless Steel 

1 * 6OO"Fdry 

RT after 3 day water boll 

.I-3 
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L 
0 z 
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Z11103 

Grit-blast & 

WT1 f 

APhS + APS 
no primer 

041 psi Psi 
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Steel I 

I? 

Fvali iatinn 

U#I x e  Modes (30~’ 

1444 psi 86 psi 

I 1031 usi  



I 
1031 psi 

I 1  I 



Main objective is 
imprint & contamin 

ce without ex 
Existing surface 
include: 

I 

- Abrasion with sandpaper 
- Grif-blasting 

aluated proc 
micron AI,O, grit 
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Two Passes 
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rnsnne 

c 
6 Passes 8 Passes 
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was to verify removal of T 
from composite bonding s 

se in % AI, Na, & 0 in grit-bl 
- COmPWed t-blasted to non-gritblasted 

r grit-blasting 
of Teflon or exposing fibers 

Additional data analysis underway 
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Fabricate fuilscale combustion chamber 

9 lmprove thermal ance of sol-gel 
- lmprove failure m 
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- Techn 

- Performing 600°F testing 

- Fabrication of CTE strips and RT testing 
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